Three serial isolates of Candida albicans were obtained by direct swab or by oral saline rinses from each of five human immunodeficiency virus-infected patients with recurrent oropharyngeal candidiasis. Genotyping techniques confirmed the presence of a persistent strain in multiple episodes from the same patient, which was different from the strains isolated from other patients. Fluconazole susceptibility was determined by both an agar dilution method and the National Committee for Clinical Laboratory Standards macrobroth procedure. In four of these patients the strains developed fluconazole resistance, and in one patient the strain remained susceptible. The different isolates were propagated as yeast cells on a synthetic medium, and their cell wall proteinaceous components were extracted by treatment with ␤-mercaptoethanol. Protein and mannoprotein components present in the extracts were analyzed by electrophoresis, immunoblotting, and lectin-blotting techniques. The analysis showed a similar composition, with only minor qualitative and quantitative differences in the polypeptidic and antigenic patterns associated with the cell wall extracts from serial isolates from the same patient, as well as those from different strains isolated from different patients. Use of monospecific antibodies generated against two immunodominant antigens during candidiasis (enolase and the 58-kDa fibrinogen-binding mannoprotein) demonstrated their expression in all isolates tested. Overall, the antigenic makeup of C. albicans strains remained constant during the course of infection and was not affected by development of fluconazole resistance. In contrast to previous reports, the low degree of antigenic variability observed in this study may be due to the fact that the isolates were obtained from a highly homogeneous population of patients and to the uniformity in techniques used for the isolation, storage, and culture of the different strains, as well as extraction methodologies.
Although the cell wall of Candida albicans was previously considered an almost inert structure, today its importance is well established in almost every aspect of the biology and pathogenicity of this fungus (10, 11) . The cell wall of C. albicans is a complex mosaic of polysaccharides and proteins in which mannoproteins constitute the major antigens and host recognition molecules. A number of studies from different laboratories have demonstrated a high degree of complexity associated with the protein and mannoprotein composition of the cell wall of C. albicans (reviewed in reference 11). Also, the expression, chemical characteristics, and physiological properties of proteins and mannoproteins present in the C. albicans cell wall appear to be dependent on multiple environmental (i.e., growing conditions, nutritional factors, temperature) as well as organism (strain, morphology, phenotypic switching)-related factors (1, 5, 6, 8, 12, 13, 16, 18, 26, 30, 40-42, 49, 50) . Thus, the C. albicans cell wall appears to be a highly dynamic structure that exhibits the ability to differentially express constituents useful for switching between commensal and pathogenic lifestyles and for modulating and/or evading immune host defenses (12, 32) .
Cell wall proteins and mannoproteins of C. albicans are major elicitors of the host immune response, and our increasing knowledge of the identity and expression of these components may assist in the development of novel approaches for the management of the different forms of candidiasis (32, 33) . Characterization of cell wall antigens and anti-cell wall antibodies may provide the basis for developing improved methods for the serodiagnosis of candidiasis (21, 32, 43) . In addition, in recent years, there has been increasing evidence that some Candida-specific antibodies can be immunoprotective during infection, at both the mucosal and the systemic levels, thus suggesting the viability of an immunotherapy and/or vaccine approach for the treatment and management of candidiasis (7, 17, 33, 35) . In the present study, in which extrinsic variables were minimized, we present evidence for low levels of antigenic variability associated with cell wall antigens of C. albicans clinical isolates obtained during successive episodes of oropharyngeal candidiasis (OPC) from human immunodeficiency virus (HIV)-infected patients, including isolates that developed resistance to fluconazole.
MATERIALS AND METHODS
Organisms and culture conditions. Three serial isolates of C. albicans were obtained by direct swab or by oral saline rinses from five HIV-infected patients with recurrent OPC enrolled in a longitudinal study to assess significance of fluconazole resistance. Patients were treated initially with fluconazole at 100 mg/day and increased doses up to 800 mg/day if necessary for clinical resolution if development of resistance was detected (44) . The identity of the clinical isolates as C. albicans was confirmed by both biochemical (API 20C; Analytab Products) and microbiological (germ tube formation in serum-containing medium and color in CHROMagar Candida) procedures. Initial plating of isolates and preliminary assessment of drug susceptibility were performed by a fluconazole agar dilution method (37, 38) . Briefly, dilutions of oral samples are added to plates containing solid medium with or without fluconazole, and individual colonies are then recovered. This technique maximizes early detection of resistant isolates (37, 38) . Fluconazole MICs for the different isolates were determined by the National Committee for Clinical Laboratory Standards (NCCLS) broth macrodilution procedure (36) . The different isolates were stored at room temperature as suspensions in sterile deionized water. Table 1 lists the isolates, the patients from which they were recovered, the elapsed time of isolation, and the fluconazole MICs for the isolates.
Strain identification. Strain identity was investigated by karyotyping, restriction fragment length polymorphism (RFLP), and DNA fingerprinting using the moderately repetitive probe Ca3 as previously described (28) . Briefly, chromosomes from the different isolates were prepared in agarose plugs, separated by pulsed-field gel electrophoresis (Bio-Rad, Hercules, Calif.), stained with ethidium bromide, and photographed under UV light. RFLP patterns were generated by digestion of genomic DNA with SfiI (Boehringer Mannheim, Indianapolis, Ind.). After separation by pulsed-field gel electrophoresis, gels were stained with ethidium bromide and photographed. Following documentation, the materials present in the RFLP gels were transferred to nylon membranes (Nytran; Schleicher and Schuell, Keene, N.H.) and hybridized with a Ca3 probe radioactively labeled by random priming (Random Primers DNA Labeling System; GibcoBRL, Gaithersburg, Md.). The membranes were then washed and exposed to autoradiography film (Du Pont, Wilmington, Del.). Pictures of the gels or films were scanned by using the Adobe Photoshop program (Adobe Systems Inc., Mountain View, Calif.). For preparation of figures, digital images were processed with the Adobe Photoshop program.
Preparation of cell wall extracts. The different isolates were subcultured onto plates containing Sabouraud dextrose agar 48 h prior to propagation as blastoconidia (yeast phase) in the minimal medium supplemented with amino acids described by Lee and colleagues (24) , for which a loopful of cells from the corresponding plate were inoculated into a flask containing the liquid medium, and incubated for 24 h at room temperature in an orbital shaker. ␤-Mercaptoethanol (␤ME) was used to solubilize protein and glycoprotein components from the walls of intact C. albicans cells as previously described with minor modifications (27) . Briefly, cells from cultures of each isolate were independently resuspended in alkaline buffer containing 1% (vol/vol) ␤ME and incubated for 45 min at 37°C with gentle agitation. After treatment, the cells were sedimented, and the supernatant fluid was recovered and centrifuged in a Millipore Ultrafree-15 centrifugal filter device (Millipore Corp., Bedford, Mass.) for desalting and concentration (␤ME extract). The total sugar contents in the different samples were determined colorimetrically with mannose as a standard (14) .
PAGE and Western blot. Cell wall components present in the ␤ME extracts from the different isolates were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) using precast 4 to 15% acrylamide gradient minigels (Bio-Rad). Coomassie staining of the proteins present in the gels, electrophoretic transfer to nitrocellulose membranes, and indirect staining of glycoproteins present in the membranes with concanavalin A were performed as previously described (8) . Different antibody preparations were used as probes for immunoblotting experiments: (i) a pooled polyclonal antiserum generated against Zymolyase and ␤ME cell wall extracts from C. albicans 3153A (27) , (ii) a polyclonal antibody preparation generated against the purified 58-kDa fibrinogen-binding mannoprotein (mp58) of C. albicans (9) , (iii) a monospecific polyclonal antiserum generated against recombinant C. albicans enolase expressed as a 6-histidine-tagged protein in Escherichia coli (to be described elsewhere), (iv) pooled serum samples from the same HIV-infected patients with OPC from whom the strains were isolated, and (v) fresh pooled oral saline rinses obtained from patients enrolled in the study (the saline washes were centrifuged at low speed prior to their utilization in the assay). The different antibody preparations were diluted in 10 mM Tris-HCl buffer saline (pH 7.4), supplemented with 0.05% Tween 20 and 1% bovine serum albumin (TBSTB buffer). Anti-rabbit (immunoglobulin G [IgG]), anti-mouse (IgG), or anti-human (IgG, IgM, and IgA) peroxidase-conjugated antibodies (depending on the antibody preparation used during the primary incubation) were used as indicator antibodies, with 4-chloro-1-naphthol as chromogenic reagent. The gels or blots were scanned by using the Adobe Photoshop program. For preparation of figures, digital images were processed by using the Adobe Photoshop program.
RESULTS

Genotyping of isolates.
The identities of strains from a given patient were confirmed by karyotyping, RFLP, and fingerprinting with the C. albicans Ca3 probe (Fig. 1) . Sequential isolates from each patient were demonstrated to be highly related and distinct from isolates recovered from other patients by all typing methods employed (Table 1 ). Minor differences in the karyotyping patterns between isolates 7 to 9 (from patient C) are suggestive of the fact that these isolates may constitute different substrains or strain variants of the same persistent strain rather than a completely unrelated strain. These results indicated presence of a persistent strain in each different patient that was associated with the initial episode and successive relapses. They also indicated that the serial isolates from a given patient included in the present study are genotypically similar.
Analysis of ␤ME cell wall extracts from different isolates. For all the C. albicans isolates included in the analysis, treatment of intact cells with ␤ME led to the solubilization of a complex array of cell wall proteinaceous components, exhibiting a wide range of apparent molecular masses (from Ͼ200 to Ͻ20 kDa) when separated by SDS-PAGE. Coomassie blue staining ( Fig. 2A) allowed detection of the medium-to low (Ͻ120-kDa)-molecular-mass proteins present in the different extracts and revealed no major differences in the peptidic profiles associated with the ␤ME extracts obtained from the different C. albicans isolates, independently of the patient from whom they were initially isolated. In all cases, the high-molecular-mass material (Ͼ120 kDa) was insensitive to the dye, as has been reported previously (8) . Indirect concanavalin A-peroxidase staining of the nitrocellulose blots revealed the glyco-(manno)protein nature of the high-molecular-weight materials (HMWM) present in cell wall extracts from all isolates (Fig.  2B) . Staining with the lectin resulted in poorly resolved patterns due to the highly glycosylated and polydisperse nature of the HMWM. The lectin also recognized a discrete band showing an apparent electrophoretic mobility of approximately 35 kDa present in all isolates tested. Once again, no major differences between the different isolates were detected by the lectin blot technique. A similar antigenic composition associated with the cell wall extracts from the various C. albicans isolates was further revealed by immunoblot analysis with a polyclonal antiserum generated against a collection strain of C. albicans, which recognizes most of the moieties present in the extract (27) . This polyclonal antiserum recognized antigenic components along the whole spectrum of molecular masses of species present on the blots. Reactivity included both polydisperse bands mainly in the HMWM and discrete moieties present in the medium-to low-molecular-mass range (Fig. 2C) . These included discrete bands exhibiting electrophoretic mobilities of approximately 29, 32, 35, 39, 45, and 48 kDa, together with highly reactive components of apparent molecular masses between 55 and 80 kDa. Presence of immunodominant C. albicans enolase and mp58 in the cell wall extracts of C. albicans isolates. Immunoblot analysis of ␤ME extracts from all isolates tested with monospecific antibodies generated against recombinant C. albicans enolase and the purified 58-kDa fibrinogen-binding mannoprotein (mp58) confirmed the presence of these two highly immunogenic moieties in the cell wall extracts from all isolates examined (Fig. 3) . As expected, in the case of the fibrinogenbinding mannoprotein, the polyclonal antibody preparation recognized a homologous broad band displaying an apparent molecular mass of approximately 58 kDa in all isolates tested (Fig. 3A) . When a monospecific antibody generated against recombinant C. albicans enolase was used as a probe in the immunoblots (Fig. 3B) , strong reactivity was detected with a 48-kDa discrete band present in the extracts from all C. albicans isolates tested.
Presence of antibodies against cell wall proteins in serum samples and oral saline rinses from HIV-infected patients with OPC. Anti-Candida antibodies are present in the sera from normal and infected individuals. A local antibody response, mainly secretion of IgA, is also induced at the mucosal level during episodes of OPC (reviewed in reference 32). Thus, serum samples and oral saline rinses from patients with OPC provided additional antibody preparations for the study of cell wall antigenic composition associated with the different C. albicans isolates. Antibodies present in serum samples ( Table 1 for identities of isolates.
FIG. 2. Electrophoretic profiles of total proteinaceous components present
in ␤ME extracts from C. albicans clinical isolates. The materials present in the extracts were separated by SDS-PAGE and stained with Coomassie blue (A) or subsequently transferred to nitrocellulose membranes and reacted with concanavalin A-peroxidase (B) or with a pooled polyclonal antiserum preparation (diluted 1:2,000 in TBSTB) generated against cell wall components of the C. albicans type strain 3153A (C). The amount applied to each well was 50 g (A and C) or 25 g (B) of material, expressed as total sugar content. Lanes S, standard proteins of known molecular masses (MM) run in parallel.
VOL. 6, 1999 LOW ANTIGENIC VARIABILITY IN C. ALBICANSwell as several well-defined medium-to low-molecular-mass bands present in the extracts. A particularly intense labeling was observed in the region of 70 to 90 kDa, which may represent reactivity to a cluster of candidal antigens, which includes heat shock proteins, that are highly immunogenic (23, 25, 34) . Also, among other bands, a high level of reactivity was detected against a moiety with an apparent molecular mass of approximately 48 kDa, which may correspond to enolase, as described above. When a preparation consisting of pooled oral saline rinses from patients with OPC was used as a probe in the immunoblots, diffuse reactivity was observed mainly against HMWM (Fig. 4B) .
DISCUSSION
Fueled by important observations on the role of antibodies during fungal infections (7, 32) , together with the emergence of resistance to the most common antifungal drugs currently used (45), a renewed interest in the development of novel, immune-based strategies for the management of fungal infections, including the different manifestations of candidiasis (7, 32) , has developed. These could include both vaccination (as immunoprophylaxis in selected at-risk patients) and immunotherapy (as adjunctive treatment to complement antifungaldrug regimens currently in use). However, the antigenic variability exhibited by C. albicans could severely hamper progress in the development of such novel strategies. Characterization of common immunodominant antigens during candidiasis is essential in identification of new opportunities for immunointervention.
The present study was designed to minimize the effect of extrinsic factors on the proteinaceous and antigenic composition of the C. albicans cell surface. First, the study included serial isolates from successive episodes of OPC that represented the same strain for each of the patients, as determined by a variety of genotyping techniques. Second, we also maintained consistency in the different techniques used for manipulation of the strains, including screening and initial isolation, storage, culture conditions, and extraction methodologies, since all these have been described as affecting antigenic composition (6, 20) . Third, we focused on the protein component rather than the carbohydrate component that has been associated with a higher degree of variability (3, 19, 20) . In doing so, we were able to demonstrate low levels of antigenic variability among C. albicans isolates and identify proteinaceous antigens that are common to all isolates tested. Enolase and the 58-kDa fibrinogen-binding mannoprotein (mp58) are immunodominant antigens present in the C. albicans cell wall, eliciting potent antibody responses during candidiasis (2, 9, 15, 29, (46) (47) (48) . The present study confirmed their presence in cell wall extracts from all isolates under investigation and provided confirmation of their immunodominant role. Moreover, the use of serum and oral saline rinses from patients as probes in the immunoblots demonstrated that some of these antigens are able to elicit an antibody response "in vivo" during infection. Interestingly, although preliminary in nature, these experiments also demonstrated a different antibody response to C. albicans cell wall antigens at the mucosal and systemic levels FIG. 3 . Immunoblot analysis with polyclonal antiserum (diluted 1:500 in TBSTB) generated against the purified C. albicans mp58 (A) and a monospecific polyclonal antiserum (diluted 1:250 in TBSTB) against recombinant C. albicans enolase (B). Materials present in the extracts were separated by SDS-PAGE and transferred to nitrocellulose membranes. Peroxidase-conjugated anti-rabbit IgG (A) or anti-mouse IgG (B) (diluted 1:2,000 in TBSTB) were used as indicator antibodies. The amount applied to each well was 50 g of material, expressed as total sugar content. Molecular masses (MM) of prestained standard proteins run in parallel (lanes S) are indicated.
FIG. 4.
Immunoblot analysis of the materials present in the ␤ME extracts from the different C. albicans isolates, using as probes pooled serum samples (diluted 1:500 in TBSTB) of the same HIV-infected patients with OPC from whom the strains were isolated (A) or fresh oral saline rinses (diluted 1:10 in TBSTB) from HIV-infected patients with OPC (B). SDS-PAGE and transfer to nitrocellulose membranes were performed as for Fig. 3 . A mixture of peroxidaseconjugated anti-human IgG, IgM, and IgA (diluted 1:500 each in TBSTB) was used as secondary antiserum. The amount loaded in each well was 50 g of material, expressed as total sugar content. Lanes S, standard proteins of known molecular masses (MM) run in parallel.
and are indicative of the compartmentalization of the immune response to this pathogen.
The present study combines the use of typing techniques to determine strain identity (genotype) (39) with the analysis of cell wall extracts to assess antigenic variability (phenotype). Despite major genotypic differences detected between isolates recovered from different patients, the "antigenic fingerprints" were similar, and the analysis of cell wall components allowed characterization of antigenic moieties common to all strains tested. Also important is the fact that the antigenic makeup did not appear to change with progression of infection or with development of fluconazole resistance. This is demonstrated by the detection of virtually the same antigenic profiles associated with matched sets of susceptible and resistant isolates obtained in successive OPC episodes from a given patient. It has to be noted that some of these isolates were recovered almost 1 year apart (Table 1 ). This is in contrast to changes in other phenotypic properties, such as increased levels of expression of efflux pumps or enzymes involved in the ergosterol biosynthesis, detected in the same isolates as resistance developed (28) . Since decreased susceptibility to this antifungal agent has been associated with increasing rates of clinical failures (4, 22, 31, 44, 45) , it is precisely in these instances that the development of immune-based therapies should prove more important in helping combat refractory disease.
Overall, the present report describes low levels of antigenic variability associated with components present in cell wall extracts obtained from C. albicans clinical isolates, including fluconazole-susceptible and -resistant isolates, propagated as blastospores in a synthetic medium. These results offer new hope for the development of novel management strategies for candidiasis that are urgently needed.
